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ABSTRACT
The purpose of this study is to develop a specification
for closure torques that can be used on a production line.
The specification must assure that torque will remain
adequate to effect a leak free seal while resulting in an
ultimate removal that can be achieved by the consumer
without difficulty. The challenging aspect of this study is
the complexity introduced by using two closure colorants,
two distinctly different product formulations, and a capping
mechanism that operates at a variable speed of up to three
hundred bottles per minute.
The research and testing involves dimensional
evaluation of bottles and closures, line testing at low,
medium, and high production speeds with wet and dry bottle
finishes, and five minute, twenty-four hour, seven day, and
thirty day removal torque testing.
Several conclusions are drawn from the study. First,
the bottle finishes must be kept free of product on the
filling line. Second, torque decay decreases with time
throughout the thirty day period. Third, the two colorants
used for the closures do not affect the dimensions or torque
values. Finally, the specified removal torque ranges used
for production must be associated with the line speed at the
time of application.
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A large consumer product manufacturing and marketing
company has decided to make a total redesign of one of its
major products a mouthwash with an annual sales volume
approaching three hundred million dollars. Some of the
factors weighed carefully in making this decision were the
age and condition of the current packaging lines, the
potential reduction in the amount of packaging used, and the
opportunity to move into high-speed,
computer-integrated,
state-of-the-art production lines. The package of choice is
an oriented polyethylene terephthalate (PET) bottle using a
linerless polypropylene (PP) closure, a paper label and a
polyvinyl chloride (PVC) heat shrinkable tamper evident neck
band.
Statement of the Problem
This research will determine the removal torque
specification required to assure a functional seal for a
valve seal, linerless closure applied to an oriented PET
bottle at production line speeds up to three hundred bottles
per minute.
The first subproblem. The bottles and closures must be
designed to provide the minimum amount of interference
necessary to effect a seal, and the thread profile must be
compatible. Dimensional tolerances must be taken into
consideration during the design stage.
The second subproblem. The use of two different
colorants used in molding the closures must not affect
closure dimensions or torque retention.
The third subproblem. Closure performance must not be
affected by the product formula being filled.
The fourth subproblem. The relationship between
application and removal torques and production line speed
must be determined.
Hypothesis
One removal torque range can be specified for the
closure, independent of colorant or product formula.
Delimitations
The study will exclude the possible effects of storage
and transportation of the finished product.
The study will exclude the selection of the production
line machinery.
Assumptions
The first assumption is that the effects of
transportation will not affect torque retention.
The second assumption is that the effects of
compression during storage will not affect torque retention.
The third assumption is that the maximum speed of the
production line will be three hundred bottles per minute.
Importance of the Study
The torque requirements determined from this study will
be implemented for the introduction of a totally new package
for a product with an annual volume in excess of eighty
million bottles. The results of improper torque could
potentially create major marketing and financial
difficulties for the company. It is of paramount importance
that no leakage occur and that the consumer be able to
easily remove the closure.
Chapter 1 THE CLOSURE TORQUE
Torque Concern
The reason for any concern over closure torque is
basically twofold: no leakage should occur and the consumer
must be able to remove the cap when he is ready to use the
product. When a closure is applied to a bottle on a
production line there is no practical way to measure the
actual application force. The machine can be set up very
carefully and the torque it is capable of exerting can be
measured, but the torque that is actually applied while the
line is running can not be determined.
A removal torque test is the only method of quantifying
what took place during the capping operation. These test
results are in reality more important than measuring
application torque because they are a better indicator that
the cap and bottle combination are compatible and are
functioning as intended. The consumer's concerns are only
that the container not have leaked and that it can be opened
easily. Both of these factors are a function of the amount
of torque remaining between the closure and the bottle.
Removal Torque Test
Determination of removal torque is achieved by holding
a container stationary and exerting a counterclockwise force
on the closure. This force is measured on either a
mechanical or electronic gauge, and reported in units of
inch-pounds. The gauge will indicate the maximum force
required to remove the cap. Typically this force is applied
by hand, and it can be greatly influenced by operator
technique. Squeezing the closure or applying the force
quickly will result in readings higher than if a steady
increase of force is applied more slowly. To eliminate
operator- induced variability, fully automated systems are
available which use motors and pneumatics to hold the
package and rotate the closure. Such a system can be
programmed to remove the cap or to check that a higher than
minimum removal torque has been achieved.
Factors That Affect Removal Torque
There are many variables that can play a role in the
removal torque value. All of these factors are not present
in this particular study, but it is important to acknowledge
their existence and consider them when evaluating any other
packaging systems.
Application torque. The amount of force applied will
have a major impact upon any container and closure
combination. Generally a higher application will result in
a higher removal, but this is not always true. It is
possible to exert enough stress on the threads or sealing
surfaces that they will distort and not be capable of
retaining torque.
Application equipment . The most common cappers used
today for application of threaded closures use either a
chuck or side-wheels to tighten the closure. A chuck grabs
the cap with a uniform pressure around its circumference and
rotates the cap until a preset clutch mechanism is triggered
and the chuck is disengaged. This system typically has
multiple heads and it is necessary that each head's clutch
be carefully adjusted to achieve the desired torque value.
A side-wheel type capper uses a series of driven rubber
wheels to exert rotational force to the closure after it is
placed on the bottle. The speed of the wheels controls how
much force is applied. This method does not contact the
closure equally from all sides and may result in damage to
the sides of the cap from the rubber wheels.
Speed of application. A chuck type capper may have a
very precise clutch that is capable of disengaging
accurately, but the inertia of the chuck will exert an
additional force upon the closure. Because of this, capper
designers strive to keep the rotating mass as small as
possible. If a capper runs at variable speeds then the
amount of force being applied will also vary. At low speed
this additional force is not significant, but the effect at
high speed must be evaluated. A side-wheel capper is not
likely to experience variations due to speed because once
the machine is set up it will typically operate at a fixed
speed .
Dimensional variation. Changes or inconsistencies in
bottle or closure dimensions can result in differences in
the critical contact surface areas. Threads have become
standardized and are generally specified to industry
standards that assure the necessary tolerances for
acceptable performance. Sealing systems molded into the
cap, such as a valve-style seal that requires an
interference fit to function, can create binding that will
affect removal torque. This interference is between the
sealing flange and the point of contact with the container.
The dimensions and tolerances in these areas must be
carefully designed and produced to assure the performance of
the package.
Time. Relaxation of the stress induced by applying a
closure begins as soon as it is applied. Extensive testing
has been performed on this phenomenon which has proved that
a significant proportion of the torque decay occurs
immediately. It is generally accepted that
"immediate"
removal torque tests should occur within five to ten minutes
after application, to allow for relaxation. The
continuation of this decay is dependant upon the closure and
container being tested.
Product . When a product is filled on a production line
it is not uncommon for some amount of product to be spilled
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Dr. Gerald Greenway, "A Short-Term Study Of Cap Torque
Decay," Packaging Technoloqy & Engineering May 1993: 61.
onto the container's finish. This contamination of the
threads and seal can create the unwanted effect of either
increasing or decreasing the torque depending on the
lubricating qualities of the product. It will impact not
only the application by changing the frictional
characteristics, but also the removal by possibly drying to
a sticky consistency. The effects of a particular formula
on the finish can be estimated; however, it is prudent to
perform actual testing for confirmation.
Materials. The nature of the materials being used for
the bottle and cap are very important. Plastics often are
molded with the addition of release agents, fillers, and
colorants which will all affect the frictional
characteristics of the part. Glass, and some plastics, are
frequently coated with slip agents to reduce damage to the
container or to make handling on a production line easier.
Any additive that will change the
materials'
physical
properties may have an impact on the application and
retention of torque.
Transportation . A product is exposed to vibrations and
physical shocks during transportation. It is possible for
these events to relieve the stress that the torque has
developed between the bottle and cap threads. The effects
of transportation will not be a problem in this study
because the same sealing mechanism in a similar closure is
currently being used for a product going into the same
8
distribution system.
Warehousing. Compression is often encountered in the
warehousing and storage of finished goods. If any top load
is applied to the package it may affect the torque.
Compression of the cap and bottle can crush and deform the
liner or sealing mechanism and result in a lower removal
torque when the weight is removed. The shipping case can be
designed to protect the bottle and cap from experiencing a
top load force. The corrugated case for the product in this
study has been designed to keep all top load off the primary
package during warehousing and shipping.
Environment . Temperature extremes will result in
different expansion and contraction coefficients for the
bottle and for the cap. These changes can relate to
dimensional differences that may alter the torque remaining
in the system. It is possible for humidity to expand the
fibers of some closure lining materials and result in an
increased removal torque or in damage to the seal integrity.
Headspace pressure. The force exerted by a pressurized
headspace, either from a gas flush filling operation or from
a temperature extreme, will change the sealing force. It is
possible for a product to scalp gasses from a headspace and
end up with a vacuum in the package that makes it very
difficult to open. A change in the sealing force will
result in a change to the removal torque.
Chapter 2 THE BOTTLE AND CLOSURE DESIGN
Bottle Style and Design
The bottle style. The bottles being examined in this
study are molded from PET resin on a Nissei machine. The
Nissei process is a four stage operation which maintains
control of the bottle throughout the machine. This machine
was selected for this project because it eliminates any
surface damage on the preform which is common with other
processes. A nick or scuff on the preform will result in an
aesthetic defect on the blown bottle.
The first stage is the injection molding station. It
is here that the preform is molded. The preform is simply
the finish of the bottle on top of what appears to be a
large PET test tube. The finish will remain as is, however
the tube will be shaped into the final container before
exiting the machine. In this first stage, when the injected
plastic has cooled and the mold is opened, the preform will
remain held by the thread splits and this portion of the
tool will remain with this preform throughout the Nissei.
It is this positive control that results in a high quality
surface on the bottle.
In the second stage the hot preform is conditioned to
control the temperature in the tube walls. The temperature
profile is critical when the bottle is blown because hot
spots will stretch first and result in thin walls in that
10
area of the container. The conditioning can be done by
heating or cooling the inside and outside of the preform.
The third stage is the blow molding station. The
conditioned preform, still suspended by its thread splits,
is positioned inside the blow cavity of the mold. A rod is
inserted through the finish which will stretch the length of
the preform while air pressure through the rod will stretch
the circumference until it contacts the cavity wall. Upon
touching the relatively cool wall the plastic will solidify
and the rigid bottle is formed. When cooling is sufficient,
the blow cavity will open to release the bottle.
The final station is where the fully formed container
is released from the thread splits and ejected from the
machine. To minimize bottle damage the take-away can be
performed by robotic automation.
The bottle design. The most important aspect of bottle
design for this study is the finish, or threaded area of the
container. Details of this section can be found in Figure




dimensions must be compatible throughout their tolerance
range with those of the closure. To assure that the package
is free of leaks, the
"I" dimension and sealing surface, or
land area, are most critical.
The Nissei process results in an injection molded
finish, which is the most precise method of forming and
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FIGURE 1




























controlled to +/~ 0.012" while the "I" is +/- 0.005"- The
thread profile is a modified buttress with a ten degree
contact angle to the closure's threads.
Closure Style and Design
The closure style. The closures under study are formed
of polypropylene (PP) in an injection molding press. This
process starts by injecting molten plastic into the tooling
cavity. There are water filled cooling channels inside the
metal of the mold to dissipate the heat and solidify the
plastic. Once sufficiently cooled, the inner core and outer
cavity are separated. The closure is retained on the core
while the cavity is pulled away. Removal of the part is
achieved by actually unscrewing the cap from the core. This
process results in excellent formation of the threads and a
high quality closure.
The closure design. The most important area of the cap
for torque retention is the thread, while the valve seal
diameter is most important from the leakage aspect. Details
of the closure design can be found in Figure 2 . Critical
dimensions on this injection molded thread are controlled to
+/- 0.006". The valve seal diameter tolerance is +/- 0.005"
diameter. The thread profile has a ten degree contact angle























Bottle and Closure System Design
The threads. For optimum performance the engagement of
threads between a bottle and closure must not include any
interference or binding. The surfaces must meet as smooth,
matching ramps, and dimensions must be such that the maximum
amount of contact area is provided even at the extreme of
tolerances. Dimensional details of the threads being
studied can be found in Table 1. When the minimum
"T"
of
the cap is compared to the maximum
"T"
of the bottle, no
interference occurs. Likewise, when the minimum
"E"
of the
cap is compared to the maximum
"E"
of the bottle there is no
interference possible. The top of the cap thread profile
and the bottom of the bottle thread profile are both
specified as being ten degrees. The combination of the
careful consideration of the thread dimensions and
tolerances and the matching of the contact angles assures
that the design of this area has been optimized.
The seal. This system consists of two sealing
mechanisms. The primary is a valve seal and the secondary
is a land seal. This redundancy was incorporated to reduce
the risk of leakage even if the bottle or closure exhibited
a molding or manufacturing defect. A drawing showing a
cross-section of the assembled bottle and cap can be found
in Figure 3.
The valve seal is a flange that slides down into the
bore, or
"I" dimension of the container. Its functionality
15
TABLE 1
Container and Closure Thread




MAX 1.476 MIN 1.476 0
"E"
MAX 1.382 MIN 1.382 0
II JH MAX 1.245 MIN 1.248 (0.003)
Note:
1. "T" and "E" for the closure are given at the top, or
root of the thread. This represents the absolute minimum
dimension that could occur. Elsewhere in this study they
are given at a height of "C" which is the location where one
full turn of thread first exists and is therefore the
location that a measurement can be made.
2. The dimension given as "I" for the closure is the valve




Assembled Bottle and Closure
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relies on there always being an interference fit; however,
if excessive interference is encountered the valve will
become difficult to insert and the friction would create a
false torque. Over time, with the relaxation that would
occur in the flange, this torque would decrease and result
in a potential leaker. Details of the valve seal and the
bottle "I" dimensions can be found in Table 1. The
specification assures that a minimum interference is
provided even at the extremes of the molding tolerances.
The land seal is a sealing ring in the closure that
contacts the land of the bottle finish. This sealing method
is not very forgiving if any large nicks or scrapes exist on
the bottle land area. Such defects could occur during
shipping or handling of the containers. Land seals are
functional and have become popular in stock closures because
the bottle "I" dimension is not critical and therefore the
closure is quite versatile in the range of containers it
will fit. As this study incorporates all custom components,
the better performing valve seal was chosen as the primary
and the land seal is present only as a backup.
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Chapter 3 THE BOTTLE AND CLOSURE
DIMENSIONAL EVALUATIONS
The Bottle
The bottles used for this study were manufactured with
production tooling being run at normal production
conditions. The tooling had been run previously and
qualified as being capable of molding containers within
specification. Evaluations of the critical bottle
dimensions of concern here can be found in Table 2. The
data shows that the threads and "I" are as specified.
The Closure
The closures tested for this project were also
manufactured with production tooling running at normal
operating conditions. Due to marketing requirements, it was
necessary that the color of the cap correspond to the color
of the product's formula. The use of colorants in molded
parts can have an impact on the final dimensions as the
colorant can function as a filler in the resin mix. The
colorant may also change the coefficient of friction and
affect the torque retention characteristics of the closure.
To address this issue the tooling was evaluated using both
of the required colorants; teal and nutmeg. The evaluations
of the critical dimensions for teal can be found in Table 3
and nutmeg is in Table 4. The data shows that the colorant
used in the molding of the cap does not create a significant
difference in the critical part measurements.
19
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MIN 1.462 1.364 MIN 1.237
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TABLE 3
























MAX 1.4870 MAX 1.3933 MAY 1 "JHTJ
AVG 1.4858 AVG 1.3912 AVG 1.2567
MIN 1.4846 MIN 1.3898 MIN 1.2562
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TABLE 4
Dimensional Evaluation of Closures
Nutmeg Colorant
Hip



















MAX 1.4876 MAX 1.3962 MAX 1.2568
AVG 1.4862 AVG 1.3919 AVG 1.2561
MIN 1.4853 MIN 1.3807
MIN 1.2553 |
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Chapter 4 THE TORQUE TEST
Production Line
The production line being used for this study is a
totally new installation. The line is designed to operate
at a maximum of 300 bottles per minute (bpm) , which will be
achieved by ramping up the speed. The filler manufacturer
claims that the finishes will be kept free of product. The
capper is a rotary chuck style with eight heads. It does
not have an independent drive so its speed will ramp
concurrently with the line speed. The clutch is controlled
by a magnetic field interaction that results in very
accurate disengagement. There are no friction plates in the
clutch introducing variability. The eight clutches were set
to apply twenty-six inch-pounds of torque. This setting was
confirmed by mounting each head in an electronic torque
meter and rotating it to achieve a reading. This test was
performed independently by two people to assure accuracy.
Torque Tester
A completely automated system was used for this
evaluation to eliminate the potential of any operator
induced variation in the removal torque readings. The
filled and capped containers were indexed by a star wheel
into the testing station where they were clamped into
position and raised into a chuck. The chuck would then
23
exert an unscrewing force and the peak reading was held
on
the digital display and recorded. The device was programmed
to remove the closure versus the optional non-removal test
which only determines that a minimum removal torque has been
achieved.
Variables Tested
Speed. It was determined that the testing should take
place at three speeds to allow the interpolation of
anticipated performance at other speeds. The selected
speeds were jogging speed (82 bpm) , full speed (300 bpm) ,
and the mid-point between the two speeds (190 bpm) .
Formula. Testing would include wet and dry finishes to
allow the evaluation of product contamination on the threads
and sealing surfaces. Two formulas were included: the
nutmeg formula containing a high percentage of alcohol, and
the teal formula containing sorbitol. The sorbitol is known
to dry and leave a sticky, sugar-like residue. To apply
product to the finishes, a sponge roller was mounted over
the in-feed conveyor to the capper to contact the land area
of the bottle. It was kept saturated with the correct
product and was swung out of the way when not required.
Colorant. Closures molded in the teal and in the
nutmeg color variations would be tested with the appropriate
product formulation.
24
Time. It was agreed that the use of four time periods
for the measurement of removal torques would provide the
data needed for this study. The first time would be within
the five to ten minute window that would allow the initial
torque decay to occur and would also be directly related to
the anticipated time of torque testing that would be
performed during routine production. Since it was known
that most relaxation would occur quickly, period two was
deemed to be twenty-four hours and period three would be one
week. The final period would be 30 days, an arbitrary time
that would indicate if any further decay could be expected.
25
Chapter 5 THE RESULTS
Test Cells
There were a total of twelve test cells run. The plan
was to produce enough samples on the production line to
provide one hundred containers for testing at each time
period for each cell. Problems were encountered frequently
during the runs due to the fact that this line consisted of
all new equipment and had not been operated successfully at
speed. A limited number of closures were available and due
to the excessive problems getting the line up to 300 bpm, a
reduced quantity of test samples were obtained. The minimum
number tested for any cell at a time period was forty-eight.
The cells were given alphabetic designations according
to the run sequence. The most difficult variable to alter
was the supply of closures being run, so all nutmeg testing
was completed first. The second variable was line speed, so
consecutive cells were run as the speed was increased. The
third and easiest variable to control was the mechanism for
applying product to the bottle finishes, which could easily
be swung out of the way when not required.
Data
The data is presented in Tables 5 through 16. At the
top of each table the test cell designation, line speed,
formula and cap colorant, and finish condition are stated.
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Next, a histogram of the five minute data is shown, followed
by a statistical description. At the bottom is a boxplot of
the data that graphically shows the torque for the four time
periods. The boxplot depicts the range of readings by the
horizontal whiskers. Each whisker represents twenty-five
percent of the readings. The box shows the middle fifty
percent of the data with the median indicated by the cross
hairs. Asterisks at either end of the whiskers indicate
possible outliers, while an
"0" indicates a probable
outlier. The top boxplot is the five minute data, followed
















82 bpm Nutmeg Dry
5.0 10.0 15. o 20. 0 25.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
A-5min 100 17.131 16.950 17.077 1.503 0.150
A-24hr 100 14.392 14.250 14.343 1.361 0.136
A-7day 100 13.144 13.050 13.131 1.305 0.131
A-30day 100 12.052 11.900 12.032 1.114 0.111
MIN MAX Ql Q3
A-5min 14 .000 21.800 16.025 18.100
A-24hr 11 .800 17.900 13.325 15.175
A-7day 10 .600 16. 000 12.200 14.175























82 bpm Nutmeg Wet
0.0 5.0 10.0 15.0 20. 0 25.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
B-5min 100 18.047 18.100 18. 022 1.462 0.146
B-24hr 94 14. 628 14.650 14.595 1.439 0.148
B-7day 96 13.440 13.450 13.421 1.464 0.149
B-30day 90 12.113 12.000 11.995 1.668 0.176
MIN MAX Ql Q3
B-5min 14 .600 24.900 17.025 18.900
B-24hr 11 .600 19.900 13.800 15.400
B-7day 9 .900 17.600 12.425 14.300
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0.0 4.0 8.0 12.0 16.0 20.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
c-
-5min 100 22 .373 22 .300 22 .326 2 103 0. ? . o
c-
-24hr 83 16 .995 17 .100 17 .075 1 843 0. 202
c-










2. 219 0. 286
c-
-5min 17 .100 28 .700 20 725 23 875
c-
-24hr 10 .900 20 800 15 900 18 000
c-
-7day 11 .400 21 200 14. 725 17 175
c-































0.0 3.0 6.0 9.0 12. 0 15.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
D-5min 100 21.259 21.050 21.172 3.221 0.322
D-24hr 100 16.842 16.700 16.777 2.175 0.218
D-7day 100 15.682 15.550 15.600 2.156 0.216
D-3 0day 100 14.851 14.650 14.793 2.018 0.202
MIN MAX Ql Q3
D-5min 15 .700 29.100 18.800 23.650
D-24hr 12 .900 22.700 15.200 18.075
D-7day 11 .700 23.600 14.000 17.250























0.0 3.0 6.0 9. 0 12. 0 15.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
E-5min 54 27.024 26.850 26.915 3.617 0.492
E-24hr 57 20.458 20.200 20.306 3.165 0.419
E-7day 57 18.865 18.200 18.792 3.205 0.424
E-30day 58 17.728 17.550 17.715 2.859 0.375
MIN MAX Ql Q3
E-5min 20.500 36.200 24.175 29.775
E-24hr 14.300 29.100 18.000 22.300
E-7day 12.600 26.600 16.750 20.700
E-30day 11.400 24.100 15.850 20.125









300 bpm Nutmeg Wet















0.0 2.0 4.0 6. 0 3.0 10.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
F-5min 48 28.481 28.300 28.464 2.996 0.432
F-24hr 100 22.205 22.100 22.077 3.584 0.358
F-7day 100 20.620 20.500 20.649 3 .211 0.321
F-30day 100 19.592 19.450 19.593 2.902 0.290
MIN MAX Ql Q3
F-5min 22 .400 35.300 26.425 30.625
F-24hr 15 .400 34.100 19.625 24.000
F-7day 12 .000 29.300 18.400 22.500
F-30day 12 .800 27.300 17.275 21.600
J 1 l_
+




















0.0 4.0 8.0 12.0 16. 0 20.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
G-5rain 100 16.528 16.500 16.459 1.297 0.130
G-24hr 97 13.061 12.900 13.045 1.293 0.131
G-7day 96 12.086 12.000 12.081 1.044 0.107
G-30day 88 10.955 11.000 10.949 0.951 0.101
MIN MAX Ql Q3
G-5min 13 .900 20.300 15.800 17.100
G-24hr 10 .400 15.800 12.050 14.000
G-7day 9 .800 14.900 11.300 12.900


















82 bpm Teal Wet
0.0 5.0 10.0 15.0 20.0 25.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
H-5min 100 16.520 16.350 16.460 1.649 0.165
H-24hr 100 13.323 13.300 13.338 1.192 0.119
H-7day 100 13.383 13.400 13.311
1.528 0.153
H-3 0day 100 13.963 13.850 13.910
2.399 0.240
MIN MAX Ql Q3
H-5min 13 .500 21.700 15.400 17.500
H-24hr 10 .600 15.700 12.450 14.100
H-7day 10 .500 18.200 12.200 14.300
























0.0 4.0 8.0 12.0 16.0 20.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
I-5min 100 21.676 21 200 21.519 2.651 0.265
I-24hr 100 15.979 16 050 15.949 1.914 0.191










I-5min 17 .500 29.600 19 725 22.775
I-24hr 11 .800 22.700 14 550 17.100
I-7day 10 .700 22.200 15 825 18.375







































0.0 4.0 8.0 12.0 16.0 20.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
J-5min 100 22.582 22.800 22.573 2.327 0.233
J-24hr 99 16.260 16.200 16.201 1.896 0.191
J-7day 100 15.387 15.600 15.374 1.678 0.168
J-30day 100 14.563 14.450 14.503 1.963 0.196
MIN MAX Ql Q3
J-5min 16 .300 28.300 20.900 24.100
J-24hr 11 .500 21.600 14.800 17.500
J-7day 12 .000 20.600 14.200 16.700
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300 bpm Teal Dry
0.0 4.0 8.0 12.0 16.0 20.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
K-5min 90 26.997 27.150 26.872 3.448 0.363
K-24hr 98 19.322 19.400 19.243 2.773 0.280
K-7day 100 17.530 17.250 17.384 2.937 0.294
K-30day 97 15.677 15.200 15.549 2 . 689 0.273
MIN MAX Ql Q3
K-5min 20 700 36.900 24.400
'
29.200
K-24hr 13 .300 29.000 17.050 21.000
K-7day 11 .800 27.700 15.500 18.900


















300 bpm Teal Wet
4.0 8.0 12.0 16.0 20.0
N MEAN MEDIAN TRMEAN STDEV SEMEAN
L-5min 53 28.753 28.200 28.683 3.255 0.447
L-24hr 48 19.483 19.700 19.461 2.552 0.368
L-7day 49 21.055 20.900 21.098 3.606 0.515
L-30day 49 22.990 21.500 22.867 4.401 0.629
MIN MAX Ql Q3
L-5min 22 .100 36.400 26.950 30.850
L-24hr 15 .000 24.400 16.925 21.500
L-7day 13 .400 27.800 19.000 24.050








The bottle finishes must be kept free of product on the
filling line, particularly for the sorbitol-containing teal
formula. Comparison of A-B, D-C, and E-F shows little
difference for the torque retention profiles for finishes
wetted with the nutmeg formulas when applied at the same
line speeds. Comparison of G-H, J-I, and K-L shows
distinctly that the teal formula has a marked impact on the
removal torques over time. When this product dries on the
thread and sealing surfaces it results in higher torgues due
to the granular residue left by the sorbitol. To eliminate
this situation from occurring in production, the teal
product formula must not be allowed to contaminate the
bottle finishes. The wet test cells will be eliminated from
further discussion.
Time
Torque decay decreases over time throughout the 30-day
period. Comparison of cells A-G, D-J, and E-K shows that
closures applied at the same line speeds exhibit similar
torque decay over time. The relaxation taking place over
the first twenty-four hours is the most significant.
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Colorant
The choice of either the teal or nutmeg colorant used
in the molding of the closure will not affect the torque
retention. Comparison of the same test cells noted above
shows that the colorant used did not significantly alter the
removal torque values at any time period or application
speed. These closures could be used interchangeably in
production.
Speed
Removal torques are highly dependent on the speed of
the capper at the time of application. Comparison of cells
A-D-E and G-J-K shows the tremendous increase in torques due
to the line speed. The inertia being exerted by the
rotating portion of the capper chuck is responsible for
this. Although attempts were made in the design of the
capper to reduce the mass of the chuck it still is
sufficient at the tested line speeds to have a significant
impact on the application torque and therefore the removal
torque .
Torque Specification
The final torque specification must be related to the
line speed, as determined by this study. The targets are 17
for 82 bpm, 22 for 190 bpm, and 27 for 300 bpm. Allowing a
six sigma variation, the specification is 12-22 inch pounds
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for 82 bpm, 13-31 for 190 bpm, and 16-38 for 300 bpm.
Recommendations
This study has shown that there are many factors which
must be considered when closure torque ranges are being
specified. They range from issues as obvious as torque
decay due to time, to the subtle yet very important issues
such as product formulation. Selection of capping equipment
should include consideration of the torque requirements;
however, this is very difficult to accomplish with a new
package and a new production line because generally neither
the cap nor capper is available.
Successful implementation of a new package requires
that any torque testing protocol must be tailored to the
specific closure, container, product formula, production
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